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DLEC1 has been suggested as a tumor suppressor gene in several cancers. DLEC1 D215N somatic mutation (COSM36702) was
identified in amelanoma cell line throughwhole genome sequencing. However, little is known about the implication and prevalence
of this mutation in primary melanomas or in melanocytic nevi. The aim of this study was to genotype DLEC1 D215N mutation in
melanoma tissue and melanocytic nevi samples to confirm its occurrence and to estimate its prevalence. Primary melanomas (𝑛 =
81) paired with synchronous or asynchronous metastases (𝑛 = 21) from 81 melanoma patients and melanocytic nevi (𝑛 = 28) were
screened for DLEC1 D215N mutation. We found the mutation in 3 primary melanomas and in 2 melanocytic nevi, corresponding
to a relatively low prevalence (3.7% and 7.1%, resp.). The pathogenic role of DLEC1 215N mutation is unclear. However, since the
mutation has not been previously described in general population, its involvement in nevogenesis and melanoma progression
remains a possibility to be clarified in future studies.

1. Introduction

Mutations in deleted in lung and esophageal cancer 1 (DLEC1)
gene or its inactivation by epigenetic silencing, namely, pro-
moter CpG island hypermethylation or histone hypoacety-
lation, were previously reported in several cancers (lung [1],
esophagus [2], kidney [3], stomach [4], colon [4], ovary [5],
breast [6], head and neck [7], and lymphoma [8]). Further-
more, a negative impact on the prognosis related with DLEC1
inactivation was demonstrated in lung [9], kidney [10], and
ovary [5] carcinomas.

DLEC1D215Nmutation (COSM36702) is a G > A substi-
tution in codon 641 (ENST00000308059) which was identi-
fied in whole genome sequencing of a tumor cell line derived
frommelanoma metastases [11]. To establish the catalogue of
somatic mutations in cancer cells, a lymphoblastoid line
derived from the same patient was also sequenced [11]. Three
different missense mutations were found in other genome or
exome sequencing studies, making DLEC1 a candidate tumor

suppressor gene in cutaneous melanoma, probably acting
by inhibition of cell proliferation [12, 13]. Nevertheless, the
prevalence of DLEC1 mutations among primary melanomas,
melanoma metastases, or benign melanocytic nevi remains
undetermined.

The aim of this study was to confirm the occurrence and
estimate the prevalence of DLEC1 D215N mutation in for-
malin fixed and paraffin embedded tissue samples from
melanoma and melanocytic nevi.

2. Patients and Methods

2.1. Melanoma Patients. In all, 102 formalin fixed paraffin
embedded tumor tissues from 81 patients with melanoma
were screened. Samples of primary melanomas (𝑛 = 81)
paired with synchronous or asynchronous skin metastases
(𝑛 = 20) or lymph node metastases (𝑛 = 1) from the same
patients underwent genotyping assay for DLEC1 D215N
mutation. The 81 patients were selected from a set of 224
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Table 1: Clinical data of melanoma patients.

Melanoma patients
Mean age (years) 62.6
Gender

Male 34 (42%)
Female 47 (58%)

Anatomic site
Head and neck 16 (19.8%)
Trunk 16 (19.8%)
Upper limb 9 (11.1%)
Lower limb 38 (46.9%)

Type
Lentigo maligna 4 (4.9%)
Superficial spreading 21 (25.9%)
Nodular 31 (38.3%)
Acrolentiginous 22 (27.2%)
Other 3 (3.7%)

patients treated for primary cutaneous melanoma at the
Department of Dermatology of CoimbraUniversityHospital,
Portugal, between 2000 and 2008.The exclusion of 143 out of
224 patients was based on the following criteria: (i) patient
loss from followup (𝑛 = 16), (ii) no primary tumor samples
available for screening due to primary melanoma removal
performed in other centers (𝑛 = 97) or primary unknown
melanoma (𝑛 = 3), (iii) DNA isolation from the available
samples of the patient did not achieveDNA concentrations or
absorbance ratios required for genotyping analysis (𝑛 = 19 : 24
samples), and (iv) the genotyping assay for DLEC1 mutation
was not successful in patient’s samples (𝑛 = 8, 9 samples).The
clinical data of melanoma patients are disclosed on Table 1.

2.2. Melanocytic Nevus Patients. Simultaneously, 28 forma-
lin fixed paraffin embedded tissue from acquired benign
melanocytic nevi (without atypical features) from 28 patients
were also screened. The 28 patients were selected from a
group of 70 patients submitted to melanocytic nevus surgical
excision during a 6-month period in 2008. Cosmetic concern
was the main reason for nevus excision. Forty-two out of
70 patients were excluded due to (i) patient with no nevus
sample available for screening (𝑛 = 4), (ii) DNA isolation
from the available samples of the patient did not achieveDNA
concentrations or absorbance ratios required for genotyping
(𝑛 = 32), and (iii) the genotyping assay for DLEC1 mutation
was not successful in patient’s sample (𝑛 = 6). The clinical
data of melanocytic nevi patients are disclosed in Table 2.

2.3. Preparation and Quality Control of DNA Samples. For-
malin fixation and paraffin embedding effectively preserve
tissue morphological details, allowing easy storage at room
temperature for long periods. However, this preservation
method impairs DNA extraction efficacy and quality, limiting
the molecular analyses and affecting the genotyping results
[14]. There is evidence for the influence of fixation and
embedding procedures on the nucleic acids fragmentation
and appearance of artifactual mutations or false-negatives

Table 2: Clinical data of melanocytic nevi patients.

Melanocytic nevi patients
Mean age (years) 33.2
Gender

Male 9 (32.1%)
Female 19 (67.9%)

Anatomic site
Head and neck 10 (35.7%)
Trunk 10 (35.7%)
Upper limb 4 (14.3%)
Lower limb 4 (14.3%)

Type
Junctional 2 (7.1%)
Dermal 18 (64.3%)
Compound 7 (25%)
Other 1 (3.6%)

[15]. These artifacts should be prevented by using large
amounts of double-stranded DNA, by performing multiple
amplifications or by using appropriated DNA FFPE tissue
extraction kits which partially reverse formalinmodifications
of nucleic acids.

Given the high heterogeneity of the tissues, composed
by heterogeneous populations of normal and tumor cells,
false-negative results due to amplification of normal cells are
also problematic in this kind of analysis. Thus, it is strongly
recommended to include only specimens with more than
50% of tumor cells.This recommendation was followedwhen
the samples were harvested from paraffin blocks, cutting
off the remaining normal tissue for enhancing tumor cell
representation.

At least ten 6 𝜇m thickness slices were cut from each
tissue paraffin block. DNA samples were isolated from those
slices by use of the QIAampDNAFFPE Tissue Kit (QIAGEN,
Hilden, German). Quality control of the isolated DNA was
performed by measuring both 260/230 nm and 260/280 nm
absorbance ratios on a NanoDrop spectrophotometer. All
samples were quantified by fluorimetry using PicoGreen
dsDNA Quantitation Reagent (Molecular Probes, Inc.,
Eugene, Oregon, US).The recommended starting concentra-
tion for genotyping using TaqMan assays (Life Technologies,
Carlsbad, California, US) is 50 ng/𝜇L. However, as expected,
the majority of the samples were below this value. Upon pre-
liminary tests using lower initial concentrations, we observed
that concentrations ranging from 15 to 20 ng/𝜇L also yielded
good genotyping results.Whenever possible, DNA samples at
initial concentrations lower than 15 ng/𝜇L and/or absorbance
ratios below 1.7 were further concentrated and/or purified by
precipitation with glycogen and isopropanol. Only samples
with at least 15 ng/𝜇L and absorbance ratios of 1.6 or greater
were considered for genotyping analysis.

2.4. Genotyping Analysis. DNA samples were genotyped
for DLEC1 D215N mutation using the TaqMan OpenAr-
ray Genotyping System (Life Technologies, Carlsbad, CA,
US) at the Genoinseq, BIOCANT-Biotechnology Innovation
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Center, Cantanhede, Portugal. Given the nature of these
DNA samples, namely, the high heterogeneity of the tissues,
each specimen was genotyped at least three times. This
DLEC1 D215N genotyping assay was included in a TaqMan
OpenArray plate. DNA samples were normalized to 15 ng/𝜇L
and a total of 45 ng was used for genotyping of the mutation.
Two nontemplate controls were used to determine the geno-
typing clusters and check for contaminations. Before plate
loading, TaqMan OpenArray Master Mix was added to the
normalized DNA samples (1 : 1). Sample loading into the
plates was done by using the OpenArray Accuffil Instrument
(Life Technologies, Carlsbad, CA, US). Thermal cycling was
performed in a Dual Flat Block GeneAmp PCR System
9700 (Life Technologies, Carlsbad, California, US), according
to the manufacturer’s protocol. Plate imaging, that is, the
acquisition of genotypes, was done by use of the OpenArray
NT Imager with the OpenArray SNP Genotyping Analysis
Software (Life Technologies, Carlsbad, CA, US). During
imaging, the OpenArray NT Imager recorded the amount of
fluorescence in each through-hole of the plates. Genotyping
data analysis was performed using the TaqMan Genotyper
Software (Life Technologies, Carlsbad, California, US) by
autocalling as the call method. All calls or genotypes were
then manually reviewed and corrected if needed.

To determine the clinical significance of themutation, the
1000 Genome data, representing the common frequency of
thesemutations in Europe, was used as control. SIFT software
was also used to estimate the impact of the mutation on
protein function [16].

2.5. Statistics. All statistical analyses (chi-square test and
Fisher’s exact test) were performed using the software IBM
SPSS 19. Significance was set a 𝑃 value under 0.05.

3. Results

The samples which do not fulfill the initial requisites of DNA
concentration and/or absorbance ratios were excluded, lead-
ing to an exclusion rate of 17.8% (24 out of 135) in melanoma
tissue and 48.5% (32 out of 66) in melanocytic nevi. This
difference was statistically significant (𝑃 < 0, 001).

DLEC1 D215N genotyping call rates were 91.9% (102 out
of 111) in melanoma samples and 82.4% (28 out of 34) in
melanocytic nevi samples (𝑃 = 0, 119).Therefore, a total of 81
primary melanomas paired with 21 metastases and 28 benign
melanocytic nevi samples were successfully genotyped for
DLEC1 D215 somatic mutation.

Three primary cutaneous melanomas (3.7%) were mutat-
ed in the heterozygous state for DLEC D215N: two cases of
superficial spreading melanoma of lower limbs and a case of
nodular melanoma of the face, all occurring in female
patients. Only the patient with nodular melanoma developed
regional lymph nodemetastases and distant metastases. Nev-
ertheless, no tissue samples of the metastatic disease of that
patient were available for mutation screening. DLEC1 D215N
heterozygous somatic mutation was also found in two cases
(7.1%) of acquired melanocytic nevi: a dermal nevus of the
face and a compound nevus in the trunk without atypical
features. No statistical significant difference was observed in

the prevalence of DLECD215Nmutation betweenmelanoma
and melanocytic nevi patients (𝑃 = 0.6).

The SIFT score of the reported amino acid change
(D215N) was 0.33, indicating a tolerated change, probably
with low impact on protein function. According to 1000
Genomes data, DLEC D215N mutation was not previously
described on general European population.

4. Discussion

In spite of the source of the biological material and the limita-
tions in terms of DNA concentrations and absorbance ratios,
final genotyping results for DLEC1 D215N assay were very
promising, as shown by the genotyping call rates obtained
from both melanoma and melanocytic nevi samples. These
results suggest the applicability of the TaqMan genotyping
technology to study formalin fixed and paraffin embedded
tissues. As the amount of tissue influences the efficacy ofDNA
isolation, the smaller size of melanocytic nevi sample was
probably related to the significantly higher failure of DNA
isolation compared with melanoma samples (48.5% versus
17.8%).

The majority of melanomas studied were nodular type,
contrarily to the expected predominance of superficial
spreading type.The overvaluation of nodularmelanomas was
probably a selection bias caused by referral of high-risk cases
from other institutions. The influence of this bias on the
prevalence of themutation was assumed to be low, but its real
impact cannot be specifically determined.

The mutation DLEC1 D215N was detected in a small
amount of our samples with no significant difference between
melanoma and melanocytic nevi patients. This mutation was
described as a somatic mutation in a melanoma cell line
[11], but no evidence of a role of this gene in melanoma
has been reported and we found no previous data on the
occurrence of this mutation in melanoma patients or in
melanocytic nevi. Despite the low prevalence and the toler-
able impact of the mutation on protein function, as estimated
by SIFT software, its occurrence has to be emphasized, since
this nucleotide substitution was not observed in European
population (1000 Genomes Project). Thus, the likelihood of
DLEC D215N mutation being associated with pathogenic
events rises sharply, suggesting a potential involvement in
nevogenesis and in melanoma development.

Several oncogene or tumor suppressor gene mutations
in melanoma can also be found in melanocytic nevi [17].
In fact, it is not completely elucidated how BRAF or NRAS
mutations contribute to the emergence of benignmelanocytic
nevi as they are also the most frequent mutated genes in
melanoma, occurring in early stages of tumor progression
[18]. Mechanisms of oncogene-induced cellular senescence
were suggested to explain it [19], but recent studies were not
able to find senescence traits in humanmelanocytic nevi [20].
Tumor suppressor genes act in a different way for cancer
development. Normally, malignant transformation is pre-
ceded by loss of heterozygosity or dominant negative muta-
tions [21]. A loss of function of DLEC1 was previously
related with several cancers, suggesting that DLEC1 acts as
a tumor suppressor gene. Since the pathogenic role of DLEC1
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D215N mutation was not completely elucidated until now,
it is not clear if this point mutation contributes with an
increased susceptibility for melanoma or for melanocytic
nevus development. Consequently, the significance of its
occurrence in primary melanomas and in melanocytic nevi
remains unclear, claiming for further studies. As well, the
association of thismutationwith aggressiveness ofmelanoma
needs to be clarified in the future.

5. Conclusion

D215N somatic mutation in DLEC1 occurs with a relatively
low prevalence in melanocytic nevi and primary melanomas.
The detection of this mutation can be effectively performed
in formalin fixed paraffin embedded tissues. The potential
role of mutated DLEC1 in nevogenesis and melanoma patho-
genesis makes DLEC1 a candidate tumor suppressor gene in
cutaneous melanoma. Up to our knowledge, this is the first
study on prevalence of DLEC1 D215Nmutation in melanoma
patients and in melanocytic nevi tissue samples.

Conflict of Interests

The authors have no conflict of interests to disclose.

References

[1] Y. Zhang, Y. Miao, J. Yi, R. Wang, and L. Chen, “Frequent epi-
genetic inactivation of deleted in lung and esophageal cancer 1
gene by promoter methylation in non-small-cell lung cancer,”
Clinical Lung Cancer, vol. 11, no. 4, pp. 264–270, 2010.

[2] Y. Daigo, T. Nishiwaki, T. Kawasoe, M. Tamari, E. Tsuchiya, and
Y.Nakamura, “Molecular cloning of a candidate tumor suppres-
sor gene, DLC1, from chromosome 3p21.3,” Cancer Research,
vol. 59, no. 8, pp. 1966–1972, 1999.

[3] C. J. Ricketts, M. R. Morris, D. Gentle et al., “Genome-wide
CpG island methylation analysis implicates novel genes in the
pathogenesis of renal cell carcinoma,” Epigenetics, vol. 7, no. 3,
pp. 278–290, 2012.

[4] J. Ying, F. F. Poon, J. Yu et al., “DLEC1 is a functional 3p22.3
tumour suppressor silenced by promoter CpG methylation in
colon and gastric cancers,” British Journal of Cancer, vol. 100,
no. 4, pp. 663–669, 2009.

[5] C.Montavon, B. S. Gloss, K.Warton et al., “Prognostic and diag-
nostic significance of DNA methylation patterns in high grade
serous ovarian cancer,”Gynecologic Oncology, vol. 124, no. 3, pp.
582–588, 2012.

[6] W. Al Sarakbi, S. Reefy, W. G. Jiang, T. Roberts, R. F. Newbold,
and K. Mokbel, “Evidence of a tumour suppressor function for
DLEC1 in human breast cancer,” Anticancer Research, vol. 30,
no. 4, pp. 1079–1082, 2010.

[7] I. M. Smith, S. K.Mithani, C. Liu et al., “Novel integrativemeth-
ods for gene discovery associated with head and neck squamous
cell carcinoma development,” Archives of Otolaryngology, vol.
135, no. 5, pp. 487–495, 2009.

[8] Z. Wang, L. Li, X. Su et al., “Epigenetic silencing of the 3p22
tumour supressor DLEC1 by promoter CpG methylation in
non-Hodgkin and Hodgkin lymphomas,” Journal of Transla-
tional Medicine, vol. 10, article 209, 2012.

[9] H. Sasaki, Y. Hikosaka, O. Kawan, S. Moiyama, M. Yan, and
Y. Fujii, “Methylation of the DLEC1 gene correlates with poor

prognosis in Japanese lung cancer patients,” Oncology Letters,
vol. 1, no. 2, pp. 283–287, 2010.

[10] Q. Zhang, J. Ying, J. Li et al., “Aberrant promoter methylation of
DLEC1, a critical 3p22 tumor suppressor for renal cell carci-
noma, is associated with more advanced tumor stage,” Journal
of Urology, vol. 184, no. 2, pp. 731–737, 2010.

[11] E. D. Pleasance, R. K. Cheetham, P. J. Stephens et al., “A compre-
hensive catalogue of somatic mutations from a human cancer
genome,” Nature, vol. 463, no. 7278, pp. 191–196, 2010.

[12] X. Wei, V. Walia, J. C. Lin et al., “Exome sequencing identifies
GRIN2A as frequently mutated in melanoma,”Nature Genetics,
vol. 43, no. 5, pp. 442–448, 2011.

[13] M. Berger, E. Hodis, T. Heffernan et al., “Melanoma genome
sequencing reveals frequent PREX2 mutations,” Nature, vol.
485, pp. 502–506, 2012.

[14] R. Klopfleisch, A. T. A. Weiss, and A. D. Gruber, “Excavation of
a buried treasure—DNA, mRNA, miRNA and protein analysis
in formalin fixed, paraffin embedded tissues,” Histology and
Histopathology, vol. 26, no. 6, pp. 797–810, 2011.

[15] J. Solassol, J. Ramos, E. Crapez et al., “KRASmutation detection
in paired frozen and formalin-fixed paraffin-embedded (FFPE)
colorectal cancer tissues,” International Journal of Molecular
Sciences, vol. 12, no. 5, pp. 3191–3204, 2011.

[16] P. C. Ng and S. Henikoff, “Predicting deleterious amino acid
substitutions,”GenomeResearch, vol. 11, no. 5, pp. 863–874, 2001.

[17] J. Wangari-Talbot and S. Chen, “Genetics of melanoma,” Fron-
tiers in Genetics, vol. 3, article 330, 2012.

[18] K. Omholt, A. Platz, L. Kanter, U. Ringborg, and J. Hansson,
“NRAS and BRAF mutations arise early during melanoma
pathogenesis and are preserved throughout tumor progression,”
Clinical Cancer Research, vol. 9, no. 17, pp. 6483–6488, 2003.

[19] A. Slipicevic and M. Herlyn, “Narrowing the knowledge gaps
for melanoma,” Upsala Journal of Medical Sciences, vol. 117, no.
2, pp. 237–243, 2012.

[20] S. L. Tran, S. Haferkamp, L. L. Scurr et al., “Absence of distin-
guishing senescence traits in human melanocytic nevi,” Journal
of Investigative Dermatology, vol. 132, pp. 2226–2234, 2012.

[21] A. Sigal and V. Rotter, “Oncogenic mutations of the p53 tumor
suppressor: the demons of the guardian of the genome,” Cancer
Research, vol. 60, no. 24, pp. 6788–6793, 2000.


